An endosomolytic Tat peptide produced by incorporation of histidine and cysteine residues as a nonviral vector for DNA transfection.
Peptides as functional biomaterials offer the possibility of incorporating various biological activities required for different biomedical applications. Here, we take advantage of this property of peptide materials and design a DNA delivery vector equipped with multiple functions critical to efficient gene transfection. The Tat peptide, a cationic cell-penetrating peptide, is known to enhance the cellular uptake of a large variety of molecules such as drugs and proteins. However, the application of the Tat peptide in DNA delivery is limited by the inability to release DNA in endosomes and the instability of peptide/DNA complexes. We incorporate in the Tat sequence histidine and cysteine residues that are able to promote endosomal escape of DNA and protect DNA in the extracellular environment. We observe up to 7000-fold improvement in gene transfection efficiency by a modified Tat peptide covalently fused with 10 histidine residues (Tat-10H) over the original Tat peptide. After incorporating two cysteine residues into the Tat-10H design, the resulting bis(cysteinyl) histidine-rich peptide is more effective than the Tat-10H peptide, because interpeptide disulfide bonds form by air oxidation upon binding to DNA, leading to enhanced stability of peptide/DNA complexes. These findings demonstrate the feasibility of using multi-functional peptide materials to extend the applications of the Tat vector to efficient gene delivery.